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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lens which has 
desired optical properties to a high degree of precision 
without being influenced by a material shrinkage or a 
variation of the index of refraction which are the 
uncertainty factors of the lens. 
SOLUTION: A reference mold as a reference in the 
molding of the lens is prepared and the reference lens 
molded by the reference mold is evaluated from the 
optical point of view and at the same time, the 
configuration of the molding surface of the reference 
mold is measured. Further, the reference imaginary lens 
is optically evaluated by optical simulation, assuming it 
to be the reference imaginary lens having a lens surface 
of the same shape as the molding surface of the 
reference mold. Next, a mold for a tentative mass 
production-type mold of almost the same configuration 
as that of the reference mold is prepared and the 
configuration of the molding surface of the tentative 
mass production- type mold is measured. In addition, the 
tentative mass production-type imaginary lens is optically evaluated by optical simulation, 
assuming it to be the tentative mass production-type imaginary lens. Thus the designing and 
preparation of the tentative mass production-type mold is repeated until the lens falls within 
the tolerance limits of the essential optical evaluation. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the designing method and the lens which this 
fabricated of a forming mold of a new lens. It is related with the art of aiming at improvement in the 
optical property of the fabricated lens in detail. 
[0002] 

[Description of the Prior Art]If it is in the optical disk drive device which uses optical disks, such as 
CD (compact disk) and DVD (digital video disc), as a recording medium, an object lens is used for 
the optical pickup device, and, as for this object lens, mold goods, such as glass and a plastic, are 
used. 

[0003]Based on an optical design, it succeeds in that geometric design so that this object lens may 
obtain a desired optical property beforehand (this geometric design value is hereafter called "ideal 
geometric design value".), and a forming mold is designed with this ideal geometric design value and 
the identical shape designed value of concavo-convex reverse. 

[0004] However, in order to contract mold goods after shaping, desired shape (shape of an ideal 
geometric design value) cannot be maintained, but the fabricated object lens may differ from the 
thing of a request of the optical property. 

[0005]Then, in order to obtain the lens which carried out shape of the ideal geometric design value, 
there is a designing method of the forming mold shown in JP,5-96572,A. 
[0006]According to the designing method of the forming mold shown in this JP,5-96572,A. 
fabricating a provisional lens with the forming mold created provisionally — the above — when it 
asks for a shape regression curve from the difference of the shape dimension value of a provisional 
forming mold, and the shape measuring value of a lens and a forming mold design feeds this back, it 
is going to create a new forming mold. 

[0007]Thereby, the lens approximated to the shape of the ideal geometric design value can be 

fabricated. 

[0008] 

[Problem(s) to be Solved by the Invention] However, the actual condition is being unable to obtain a 
desired optical property (spherical aberration) according to a minute difference of the refractive 
index of material, the thickness of a lens, etc., if the transmitted-wave-front aberration which is 
optical interference measurement estimates even if it is the lens fabricated in this way. 
[0009]In connection with the densification of the storage density of DVD etc., the width of the 
permitted common difference is becoming narrow conventionally, and we are especially anxious 
about the yield of a shaping lens getting worse in recent years. 

[0010]Then, this invention makes it a technical problem to provide the lens which has a desired 
optical property with sufficient accuracy, without being influenced by the material shrinkage which is 
an indefinite element of a lens, change of a refractive index, etc. about the designing method and the 
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lens fabricated by this of a forming mold of the lens fabricated 
[0011] 

[Means for Solving the Problem]In order that a designing method of a forming mold of this invention 
lens may solve the above-mentioned technical problem, While performing optical evaluation of a 
reference lens which created a standard metallic mold used as a standard in lens shaping, and was 
fabricated with this standard metallic mold, Perform shape measuring of a die surface of the above- 
mentioned standard metallic mold, and a standard virtual lens with a die surface of this standard 
metallic mold and a same-shaped lens side is assumed, Perform optical evaluation by an optical 
simulation of this standard virtual lens, and next, A provisional mass production metallic mold for 
fabricating a mass production lens is created in the almost same shape as shape of the above- 
mentioned standard metallic mold, Perform shape measuring of a die surface of this provisional mass 
production metallic mold, and a provisional mass production virtual lens with a die surface of this 
provisional mass production metallic mold and a same-shaped lens side is assumed, While 
performing optical evaluation by an optical simulation of this provisional mass production virtual lens 
and asking for difference of optical evaluation of the above-mentioned standard virtual lens, and 
optical evaluation of a provisional mass production virtual lens, It is made to repeat a 
design/ creation of the above-mentioned provisional mass production metallic mold until it adds the 
difference to an optical evaluation value of the above-mentioned reference lens, it presumes an 
optical evaluation value of a presumed lens for which it asks and this presumed lens comes in 
tolerance level in original optical evaluation. 

[0012]While performing optical evaluation of a reference lens which this invention lens created a 
standard metallic mold used as a standard in lens shaping, and was fabricated with this standard 
metallic mold, Perform shape measuring of a die surface of the above-mentioned standard metallic 
mold, and a standard virtual lens with a die surface of this standard metallic mold and a same- 
shaped lens side is assumed, Perform optical evaluation by an optical simulation of this standard 
virtual lens, and next, A provisional mass production metallic mold for fabricating a mass production 
lens is created in the almost same shape as shape of the above-mentioned standard metallic mold, 
Perform shape measuring of a die surface of this provisional mass production metallic mold, and a 
provisional mass production virtual lens with a die surface of this provisional mass production 
metallic mold and a same-shaped lens side is assumed, While performing optical evaluation by an 
optical simulation of this provisional mass production virtual lens and asking for difference of optical 
evaluation of the above-mentioned standard virtual lens, and optical evaluation of a provisional mass 
production virtual lens, It fabricates with a final mass production metallic mold which created it as 
repeated a design/creation of the above-mentioned provisional mass production metallic mold until 
it adds the difference to an optical evaluation value of the above-mentioned reference lens, it 
presumes an optical evaluation value of a presumed lens for which it asks and this presumed lens 
comes in tolerance level in original optical evaluation. 

[0013]Therefore, if it is in a designing method and a lens which this fabricated of a forming mold of 
this invention lens, Relation between die shape experientially known by carrying out optical 
evaluation of the mass production metallic mold until now and the optical property of a shaping lens 
can be evaluated, and thereby, even if it does not actually fabricate a lens with a mass production 
metallic mold, a quality (propriety) of the mass production metallic mold can be judged. 
[0014]Shape of a mass production metallic mold is evaluated without taking into consideration heat 
contraction etc. of mold goods by which it is generated in shaping of a lens from making a standard 
metallic mold into a standard of measurement of a mass production metallic mold, That is, a quality 
(propriety) of a mass production metallic mold can be judged, and optical evaluation of a lens 
fabricated by this can be presumed. 

[0015]Since surface (die surface) shape measuring / evaluation of a created mass production 
metallic mold are only performed after that and a quality (propriety) of the mass production metallic 
mold can be immediately judged if one standard metallic mold is created, a mass production metallic 
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mold can be created easily. 
[0016] 

[Embodiment of the Invention] Below, the designing method of the forming mold of this invention lens 
and the embodiment of the lens which this fabricated are described with reference to an 
accompanying drawing. 

[001 7]Drawing 1 shows typically the forming mold used for shaping of the object lens 1 for CD. 
[0018]The forming mold 2 comprises the heaters 5 and 5 allocated so that the upper part forming 
mold 3 created by desired shape, the bottom forming mold 4 created by desired shape, and these 
might be inserted from right and left. 

[0019]The cavity 6 is formed between the upper part forming mold 3 and the bottom forming mold 4, 
the molding material 7 is located in this cavity 6 considering the bodies 8 and 8 as a guide, and the 
molding material 7 is heated and pressed with the above-mentioned heaters 5 and 5. 
[0020]Thereby, the object lens 1 in which the shape of the upper part forming mold 3 and the 
bottom forming mold 4 was transferred is fabricated. 

[0021 ]And in order to obtain the object lens 1 which has a desired optical property, the designing 
method of a forming mold is explained according to the flow chart figure of dr a wi n g 2. 
[0022]First, before creating a final mass production metallic mold, the standard metallic mold used 
as a standard is created. Step 1 (S1) thru/or Step 4 (S4) explain a design/preparation method of 
this standard metallic mold. 
[0023]- Step 1 (SI) 

The provisional provisional metallic mold 2 for creating a standard metallic mold is created. In the 
provisional metallic mold 2, it is a forming mold which has the shape of a great portion of surface 
type by a known method for the time being. 
[0024]- Step 2 (S2) 

The object lens 1 is actually fabricated with this provisional metallic mold 2, and optical evaluation of 
the object lens 1 is performed. Since this object lens 1 is provisional, it is called the provisional 
object lens 1 . When the optical evaluation of the provisional object lens 1 is bad, it returns to Step 1 
(S1), and a design/creation of the provisional metallic mold 2 are redone. When the optical 
evaluation of the provisional object lens 1 is good, it progresses to Step 3. The provisional object 
lens 1 which the above-mentioned provisional metallic mold 2 turned into the standard metallic mold 
2, and was fabricated by this turns into the reference lens 1. Optical evaluation performs 
observation of a spherical aberration value and an interference fringe, for example using laser 
interference measurement (transmitted-wave-front aberration measurement: made by Zygo) (refer 
to drawing. 3 (a) and (b)). As for a spherical aberration value, also in which degree, it is good that it is 
"0", and an interference fringe is straight to a sliding direction, and good for there to be no 
fluctuation. 

[0025]It checks about the shape of surface type of the lens which performs surface type-like 
measurement (using the surface type-like measuring device by for example, tailor Hobson) of the 
reference lens 1 at this time, and serves as a standard (refer to d rawing 4 ). As for these graph 
charts, a horizontal axis (X-axis) shows the diameter direction value (the number of center sections 
is zero.) of a lens, and a vertical axis (Y-axis) shows a transmitted-wave-front aberration value. 
Therefore, as for the graph of an ideal, what shows the vertical axis "zero point", i.e., the straight 
line of "y= 0", is good. When drawing 4 is observed, it turns out that it is the zigzag line which had 
width (**0.03 micrometers) slightly mostly in "y= 0" neighborhood. 

[0026]On these specifications, in order to explain simply, each of optical evaluation and surface 
type-like evaluations shall be related with the lens side of die surface/object lens bottom of the 
forming mold bottom. Of course, the design about the lens side of die surface/object lens upper part 
of the metallic mold upper part can be performed similarly 
[0027]- Step 3 (S3) 

Surface (die surface) shape measuring of this standard metallic mold 2 is performed. Since 
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evaluation good about the optical property of the reference lens 1 which this fabricated is obtained, 
this standard metallic mold 2 can judge that this standard metallic mold 2 has desired performance 
as the forming mold 2. Then, shape measuring of this standard metallic mold 2 is performed, and it is 
considered as the standard of the mass production metallic mold 2 which mentions this shape later. 
The above-mentioned form measuring apparatus performs this surface type-like measurement. 
Although this result is shown in drawing 5 , the surface (lens side) shape ( drawing 4 ) of the reference 
lens 1 where the desired optical property was obtained, and the surface (die surface) shape ( drawing 
5) of the standard metallic mold 2 which fabricated this are not in agreement so that dr aw ing 5 and 
drawing 4 may show. 
[0028]- Step 4 (S4) 

the shape of surface type of the standard metallic mold 2 (die surface shape), and unevenness — 
the standard virtual lens 1 which has the same reverse field is supposed, and the optical simulation 
of this standard virtual lens 1 is performed. Soft CodeV (made by Optical Research Associates) etc. 
which are used for a lens design are used for this optical simulation. And the following "one 
numbers" that specifies an aspheric surface is used, the aspheric surface constant Ai shown in "the 
one number' as a parameter is substituted, and aberration deployment including a high order 
paragraph is performed. The result is shown in drawing 6. 
[0029] 
[Equation 1] 

z = x*/rj[i + {i-(i + k Xx/Rf f 1 ]+ja,X' (1) 

r -.mm*® 
k ■. nmm 

A, :^:8tB^jBC 
[0030]- Step 5 (S5) 

On the other hand, the provisional provisional mass production metallic mold 2 for fabricating the 
mass production lens 1 is created in the almost same shape as the shape of the above-mentioned 
standard metallic mold 2. That is, it is created on the basis of the die surface of the standard 
metallic mold 2 by which it was evaluated by the above-mentioned step 3 (S3). 
[0031]- Step 6 (S6) 

Shape measuring of a die surface of this provisional mass production metallic mold 2 is performed. 
The result is shown in drawing 7 . Thus, even if it is the provisional mass production metallic mold 2 
which formed the shape of surface type of the above-mentioned standard metallic mold 2 in 
reference, some gap has arisen with the shape of surface type of the standard metallic mold 2 
[0032]- Step 7 (S7) 

the shape of surface type of this provisional mass production metallic mold 2 (die surface shape), 
and unevenness — optical evaluation by an optical simulation of this provisional mass production 
virtual lens 1 is performed supposing the provisional mass production virtual lens 1 of imagination 
which has the same reverse field. It carries out like what also performed this optical evaluation at 
the above-mentioned step 4 (S4), and "an one number" which specifies an aspheric surface is used, 
an aspheric surface constant shown in "an one number" as a parameter is substituted, and 
aberration deployment including a high order paragraph is performed. The result is shown in drawing 
8. 

[0033]- Step 8 (S8) 

While asking for difference (spherical aberration value) of optical evaluation of the above-mentioned 
standard virtual lens 1, and optical evaluation of the provisional mass production virtual lens 1, the 
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difference is added to a spherical aberration value acquired by optical evaluation of the above- 
mentioned reference lens 1, and a spherical aberration value of a presumed lens is presumed. 
Spherical aberration value [ of a spherical aberration value = reference lens of a presumed lens 
which is a formula for a formula shown below to presume a spherical aberration value of a presumed 
lens ] + (spherical aberration value of a standard virtual lens by a spherical aberration value- 
standard metallic mold of a provisional mass production virtual lens by a mass production metallic 
mold) It is expressed. A result of the presumption is shown in drawing 9 . 
[0034]- Step 9 (S9) 

It is judged whether it goes into tolerance level of lens optical performance specification which asks 
for optical evaluation (spherical aberration value) of a presumed lens for which it asked at Step 8 
(S8). 

[0035]There are various specifications in an object lens by the purposes of use, such as an object 
for CD, and an object for DVD, and it is alike, respectively and has the tolerance level about the 
optical property. 

[0036]Then, in the light of specification of the above-mentioned presumed lens, ****** [ optical 
evaluation (spherical aberration value) of the above-mentioned presumed lens / in the tolerance 
level ] is judged. When optical evaluation (spherical aberration value) of the above-mentioned 
presumed lens is in tolerance level of the specification, the above-mentioned provisional mass 
production metallic mold 2 is judged as a mass production metallic mold, and this is used for mass 
production of an object lens. When optical evaluation (spherical aberration value) of the above- 
mentioned presumed lens is not in tolerance level of the specification, it returns to the above- 
mentioned step 5 (S5), design/creation of the provisional mass production metallic mold 2 are 
performed, Step 5 (S5) thru/or Step 8 (S8) are repeated, and a forming mold which can be judged to 
be the mass production metallic mold 2 is created. 

[0037]Since optical evaluation (spherical aberration value) of the above-mentioned provisional mass 
production virtual lens 1 has already been obtained when performing design/creation of the 
provisional mass production metallic mold 2 in Step 5 (S5) (refer to drawing 8), it is good to take 
into consideration this and optical evaluation (spherical aberration value) of the above-mentioned 
standard virtual lens 1, and to perform design/creation. 

[0038]Even if it does not actually fabricate an object lens with this mass production metallic mold 2 
by carrying out a deer, and designing / creating a mass production metallic mold as mentioned 
above, a quality (propriety) of that mass production metallic mold can be judged. 
[0039]Since surface (die surface) shape measuring / evaluation of a created mass production 
metallic mold are only performed after that and a quality (propriety) of the mass production metallic 
mold can be immediately judged if one standard metallic mold is created, a mass production metallic 
mold can be created easily. 

[0040]Although this invention was applied to an object lens of an optical pickup device in the above- 
mentioned embodiment, this invention is applicable not only to this but the general lens fabricated 
like a plastic and glass. 

[0041 ]In the above-mentioned embodiment, although a forming process by a press was explained, 
this invention is applicable to a forming process which uses not only this but a forming mold, for 
example, injection molding etc. 

[0042]In addition, shape and structure of each part which were shown in the above-mentioned 
embodiment are only what showed a mere example of embodiment which hits that each carries out 
this invention, and a technical scope of this invention is not restrictively interpreted by these 
[0043] 

[Effect of the InventionJSo that clearly from the place indicated above the designing method of the 
forming mold of this invention lens, While performing optical evaluation of the reference lens which 
created the standard metallic mold used as the standard in lens shaping, and was fabricated with 
this standard metallic mold, Perform shape measuring of the die surface of the above-mentioned 
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standard metallic mold, and a standard virtual lens with the die surface of this standard metallic 
mold and a same-shaped lens side is assumed, Perform optical evaluation by the optical simulation 
of this standard virtual lens, and next, The provisional mass production metallic mold for fabricating 
a mass production lens is created in the almost same shape as the shape of the above-mentioned 
standard metallic mold, Perform shape measuring of the die surface of this provisional mass 
production metallic mold, and a provisional mass production virtual lens with the die surface of this 
provisional mass production metallic mold and a same-shaped lens side is assumed, While 
performing optical evaluation by the optical simulation of this provisional mass production virtual 
lens and asking for the difference of the optical evaluation of the above-mentioned standard virtual 
lens, and the optical evaluation of a provisional mass production virtual lens, It was made to repeat a 
design/creation of the above-mentioned provisional mass production metallic mold until it added the 
difference to the optical evaluation value of the above-mentioned reference lens, it presumed the 
optical evaluation value of the presumed lens for which it asks and this presumed lens came in the 
tolerance level in original optical evaluation. 

[0044]While performing optical evaluation of the reference lens which this invention lens created the 
standard metallic mold used as the standard in lens shaping, and was fabricated with this standard 
metallic mold, Perform shape measuring of the die surface of the above-mentioned standard metallic 
mold, and a standard virtual lens with the die surface of this standard metallic mold and a same- 
shaped lens side is assumed, Perform optical evaluation by the optical simulation of this standard 
virtual lens, and next, The provisional mass production metallic mold for fabricating a mass 
production lens is created in the almost same shape as the shape of the above-mentioned standard 
metallic mold, Perform shape measuring of the die surface of this provisional mass production 
metallic mold, and a provisional mass production virtual lens with the die surface of this provisional 
mass production metallic mold and a same-shaped lens side is assumed, While performing optical 
evaluation by the optical simulation of this provisional mass production virtual lens and asking for 
the difference of the optical evaluation of the above-mentioned standard virtual lens, and the optical 
evaluation of a provisional mass production virtual lens, It fabricated with the final mass production 
metallic mold which created it as repeated a design/creation of the above-mentioned provisional 
mass production metallic mold until it added the difference to the optical evaluation value of the 
above-mentioned reference lens, it presumed the optical evaluation value of the presumed lens for 
which it asks and this presumed lens came in the tolerance level in original optical evaluation. 
[0045]Therefore, if it is in the designing method and the lens which this fabricated of a forming mold 
of this invention lens, The relation between the die shape experientially known by carrying out 
optical evaluation of the mass production metallic mold until now and the optical property of a 
shaping lens can be evaluated, and thereby, even if it does not actually fabricate a lens with a mass 
production metallic mold, the quality (propriety) of the mass production metallic mold can be judged. 
[0046]The shape of a mass production metallic mold is evaluated without taking into consideration 
the heat contraction etc. of the mold goods by which it is generated in shaping of a lens from 
making a standard metallic mold into the standard of measurement of a mass production metallic 
mold, That is, the quality (propriety) of a mass production metallic mold can be judged, and the 
optical evaluation of the lens fabricated by this can be presumed. 

[0047]Since surface (die surface) shape measuring / evaluation of the created mass production 
metallic mold are only performed after that and the quality (propriety) of the mass production 
metallic mold can be immediately judged if one standard metallic mold is created, a mass production 
metallic mold can be created easily. 



[Translation done.] 
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